Abstract. This study reviews the taxonomy and biogeography of carnivorous sponges (family Cladorhizidae) in the Southern Ocean. Specimens were collected from seamounts in the Drake Passage by dredging and trawling and biogeographical information from other sources was compiled and reviewed. Eight new species of carnivorous sponges are described: Abyssocladia leverhulmei, sp. nov., Asbestopluma (Asbestopluma) sarsensis, sp. nov., A. (A.) gemmae, sp. nov., A. (A.) rhaphidiophorus, sp. nov., Asbestopluma (Helophloeina) keraia, sp. nov., Chondrocladia (Chondrocladia) saffronae, sp. nov., Cladorhiza scanlonae, sp. nov. and Lycopodina drakensis, sp. nov. Specimens of three previously described species, L. callithrix, L. calyx and A. (A.) bitrichela, were also found. These new records increase the number of known carnivorous sponge species in the Southern Ocean by more than a third. We demonstrate that the Cladorhizidae is the second most species-rich family of Demospongiae in the Southern Ocean and many of its species are highly endemic, with 70% found only in this region. Southern Ocean species represent close to 20% of all known carnivorous sponges. This study highlights the importance of seamount and bathyal benthic habitats for supporting the rich and endemic carnivorous sponge fauna of the Southern Ocean.
Introduction
Cladorhizidae Dendy, 1922 (Poecilosclerida: Demospongiae) is a generally deep-sea family of demosponges, which has unusual carnivorous habits in a typically filter-feeding phylum (Vacelet and Boury-Esnault 1995; Vacelet 2007) . The carnivory observed in this sponge family is thought to have evolved in response to the low nutrient levels found in deep waters, where many carnivorous species generally live Boury-Esnault 1995, 1996) . Utilising molecular phylogenetic research with morphological characters, a revised classification of the family Cladorhizidae has been proposed by Hestetun et al. (2016b) this increases the number of valid genera to nine, including Lycopodina which was resurrected and Euchelipluma which was transferred from the Guitarridae. Their research also proposed that carnivory in sponges evolved only once, and so differences seen in all these known genera represent evolution within Cladorhizidae (Hestetun et al. 2016b) .
Carnivorous sponges always have an erect form, but their branching pattern and branch shape are diverse. Living appearance is poorly known for some species as they are fragile and easily fragment when collected (van Soest et al. 2012) . Although long suspected (Ridley and Dendy 1887) , carnivorous feeding was only recently demonstrated conclusively by study of a shallow-water species of Lycopodina hypogea in laboratory conditions Boury-Esnault 1995, 1996) . The prey is entangled in surface spicules, then enveloped by amoebocytes, which digest the prey over several days (Vacelet and Duport 2004) . While it cannot be conclusively proved that deep-sea species are feeding by the same mechanism, the fact that several have been found with partially digested crustaceans embedded in their bodies (Kübler and Barthel 1999; Vacelet and Boury-Esnault 2002; Reiswig and Lee 2007 ) strongly supports this.
Carnivorous sponges are mainly found in the deep sea and can constitute a large proportion of the sponge fauna at bathyal, abyssal and even hadal depths (Hestetun et al. 2016b) , including holding the depth record for the deepest described sponge species at 8840 m (Koltun 1970) . However, they also inhabit shallower shelf regions and some species have even been found in shallow coastal waters under 50 m in depth (Vacelet and Boury-Esnault 1995; van Soest and Baker 2011; Chevaldonné et al. 2015) . Fifteen years ago, only 90 species of Cladorhizidae had been described; this has now increased to~130 species (Vacelet 2006; Hestetun et al. 2016b) . The fact that large numbers of new species have been recently reported from the deep Pacific (Vacelet 2006) , South Atlantic (Lopes et al. 2011; Lopes and Hajdu 2014) and even the comparatively wellexplored North Atlantic (Hestetun et al. 2015) demonstrates that there may be many new species to be discovered in all regions.
In the past 40 years, knowledge of the Antarctic sponge fauna, especially in the deep sea, has been significantly improved by recent benthos sampling expeditions, such as BENTART (1994, 1995 and 2003) ANDEEP I-III (2002 , 2005 and SYSTCO (2007 SYSTCO ( , 2012 . The number of Antarctic demosponge records has more than doubled and records of Hexactinellida have tripled during this time period (Janussen and Downey 2014) . Currently, there are 22 described carnivorous sponge species occurring in the Southern Ocean (OBIS 2016) . However, records from many sectors of the Southern Ocean, particularly the deep sea, are still sparse and further studies are needed to determine the true levels of biodiversity (Downey et al. 2012) .
Studies of seamounts have revealed diverse, endemic sponge populations, which include carnivorous sponges (Lévi 1969; Xavier and van Soest 2007; Vieira et al. 2010; Cristobo et al. 2015; Hestetun et al. 2016a) . Currents are amplified around seamounts and these conditions favour suspension feeders, such as sponges and corals, which commonly dominate seamount benthic communities (Samadi et al. 2007) . Southern Ocean seamount sponge fauna have rarely been surveyed (Downey et al. 2012) ; however, recent studies of seamounts in the Ross Sea indicate that sponge communities are highly varied in these environments (Clark and Bowden 2015) . The Drake Passage opened around 30 Mya, leading to the geographic isolation of the Antarctic continent (Barker and Thomas 2004) . This region contains more than 20 seamounts and ridges, which have been seldom sampled due to large waves, fierce storms and strong currents that make benthic research difficult . Our aims for this study were to describe the new carnivorous sponge species from the Drake Passage seamount region, and to assess the diversity and distribution of carnivorous sponges in the Southern Ocean.
Materials and methods
Samples were collected on the RVIB Nathaniel B Palmer Cruise 11-03 (9 May-11 June 2011). This cruise aimed to gain historical perspectives on climate and biogeography from deep-sea corals in the Drake Passage. Samples were collected from the Burdwood Bank, the Shackleton Fracture Zone, West Antarctic Peninsula, Interim Seamount, Sars Seamount and Cape Horn ( Fig. 1 ) .
Most sampling of benthos was undertaken by a Hein dredge; some shallower sites were sampled by otter trawl. After being collected, dredge and trawl hauls were sorted and examples of recognisable entities removed for preservation. Specimens were photographed and then dried.
In the laboratory at National Museums Northern Ireland, the dried specimens were re-hydrated in a 5% solution of decon-90 (Decon Laboratories, King of Prussia, PA, USA) then placed in 70% ethanol. Tissue slides were prepared by sectioning a very thin portion of tissue at a 90 angle through the sample. The tissue was clarified by being dehydrated in absolute ethanol for four minutes and placed in clove oil for another four minutes, before being mounted on a microscope slide in Canada balsam. A coverslip was then placed on the slide, which was kept at 50 C for at least 48 h to allow the mountant to dry. Spicule preparations were made by dissolving the tissue in a drop of concentrated nitric acid directly on a microscope slide. The slide was heated over a spirit burner to aid the reaction. After the acid had burnt off, the remaining spicules were rinsed in distilled water and ethanol and then mounted in Canada balsam.
The tissue slide was used primarily for identification to genus level. Spicule measurements were taken from the spicule preparations; at least 20 spicules of each type were measured using ProgRes CapturePro 2.7 Software (JENOPTIK Optical Systems, Jena, Germany). Type material is deposited (in accordance with the survey permit for work in the Chilean Economic Zone and the Chilean Supreme Decree Number 711) in the Museo Nacional de Historia Natural of Chile, Santiago, Chile (MNHNCL). Some paratypes are retained in the zoology collections of the Ulster Museum, National Museums Northern Ireland, Belfast (BELUM.Mc).
Information on extant species was obtained from the World Porifera Database (van Soest et al. 2016) . Type specimens examined for comparison were kindly provided by the British Natural History Museum, London (BMNH), the Muséum National d'Histoire Naturelle, Paris (MNHN), the Museum für Naturkunde, Berlin (ZMB) and the Zoological Museum of the University of Copenhagen (ZMUC).
Sponge distribution data from the Southern Ocean and adjacent regions were extracted from records uploaded to OBIS (2016) , and additional taxonomic distribution data were added from Rogers (2010) , Ríos and Cristobo (2014) and Göcke and Janussen (2013) . The distributions of species were mapped using a geographic information system (GIS).
The study area (Fig. 1) The research cruise sampled several sites in the Drake Passage, which comprises the body of water between the southern tip of South America (Cape Horn) and the South Shetland Islands in Antarctica.
(A) Sars Seamount lies close to the Polar Front (i.e. oceanographic convergence where cold, northwards flowing Antarctic waters meet warmer subantarctic water) and has a flat top at~500 m and a predominantly gravel seabed . It has an abundant sponge fauna: Waller et al. (2011) reported sponges from 99.4% of all images from a towed video survey. Octocorals, stylasterids and other cnidarians were also common . Sites sampled for sponges ranged from 570 m to 1930 m. (B) Interim Seamount is a long seamount lying north-east to south-west with a peak at~600 m, dropping to 2500 m at its base . This seamount lies near the Polar Front, east of Sars Seamount. It has a predominantly gravel seabed with some bedrock and was dominated by sponges, which were found in 97% of images. There were small proportions of coral on the flanks of the seamount peaks, but larger numbers of corals, particularly octocorals were present on the top . Sites sampled for sponges ranged from 790 m to 1590 m in depth. (C) Burdwood Bank is a feature 200 km south of the Falkland Islands and is part of the Scotia Arc, which extends from Cape Horn. The bank itself is defined by the 200 m isobath, but the channel to the west of the bank drops to 400 m, and that to the east to 1800 m. The bank is 300 km from east to west and 60 km from north to south and is a frontal zone where Antarctic intermediate water is formed (Guerrero et al. 1999) . Sampling was mostly concentrated in deep water to the south of the bank with sites ranging from 310 m to 1920 m in depth.
(D) The Shackleton Fracture Zone is located at the split between the Scotia and Antarctic tectonic plates, running north-west to south-east from the South American continental shelf to the South Shetland Islands. Sites sampled for sponges here ranged from 740 m to 2350 m in depth.
SYSTEMATICS
Phylum PORIFERA Grant, 1836
Class DEMOSPONGIAE Sollas, 1885
Order POECILOSCLERIDA Topsent, 1928 Suborder MYCALINA Hajdu, van Soest & Hooper, 1994 Family CLADORHIZIDAE Dendy, 1922
Genus Abyssocladia Lévi, 1964 Abyssocladia Lévi, 1964 78. Type species: Abyssocladia brunni Lévi, 1964 (by monotypy). New carnivorous sponges from the Southern Ocean Invertebrate Systematics
Diagnosis
Cladorhizidae most often pedunculate, carrying a disciform or flabelliform body with a radial architecture; in other cases pinnate or branching. Microscleres are a combination of abyssochelae, cleistochelae, arcuate chelae and/or sigmancistras, but not placochelae (Hestetun et al. (2016b) modified from Lopes et al. (2011) ).
Abyssocladia leverhulmei, sp. nov.
( Fig. 2 
Dichotomously branched Abyssocladia with flattened upper branches. Spicules include abyssochelae (22-40 mm), arcuate isochelae (47-79 mm) and sigmancistras (8-19 mm).
Description
External morphology ( Fig. 2A) Dichotomously branching sponge with a rounded peduncle and small rounded attachment. Upper branches are flattened and have projecting filaments of around 2 mm in length. The dried type specimen is 38 mm in height with an upper blade width of 3 mm and thickness of 0.5 mm, its peduncle is 8 mm long and 2 mm in diameter. Other specimens vary from 15 mm (broken specimen) to 60 mm in height and have a similar form.
Skeleton
Peduncle formed of interlocked strongyles (the larger of these may be rather style-like). The stem has a core of ascending styles with bundles of~10 styles projecting at a 90 angle (points outward). The surface of the stem and base of style bundles is covered in a dense layer of sigmancistras and chelae.
(E) Fig. 2 . Abyssocladia leverhulmei, sp. nov. Images of holotype MNHNCL POR-15008: (A) dried specimen, scale 1 cm; (B) basal strongyle and style, scale 100 mm; (C) style, scale 100 mm; (D) abyssochelae, scale 10 mm; (E) group of arcuate chelae, scale 10 mm; (F) arcuate chelae, scale 10 mm; (G) sigmancistra, scale 10 mm.
Spicules
Measurements given here from holotype; measurements of paratypes can be found in Table 1 .
Styles of the main axis and projecting branches ( Fig. 2C ) 594 (731)846 by 10(20)28 mm; mycalostyles; no swelling at head; slightly fusiform; taper abruptly to a point; some of the fattest have very blunt points, appearing almost like strongyles and may be intermediates; the fatter styles are often slightly curved.
Basal strongyles (Fig. 2B ) 78(167)573 by 11(18)35 mm; the majority have a slight bend in the middle; the majority are true strongyles with curved ends, but in some spicules one of these ends becomes more pointed and the spicule is intermediate between a style and strongyle.
Abyssochelae (Fig. 2D ) 22(30)40 mm; fat flattened chelae in which the side alae usually touch each other; the central alae usually also meet in the middle, but in some cases are reduced to short points.
Arcuate isochelae (Fig. 2E , F) 47(58)79 mm; an elongate appearance with only a very slight curve in their shaft; alae length less than 1/3 of the total chelae length.
Sigmancistras 8(13)19 mm.
Remarks
There are only four species of Abyssocladia that have a similar flattened branched form to this species (Lopes et al. 2011 External morphology (Fig. 3A) Robust branched specimens, some in excess of 40 cm in height. Stems range from 3 mm to 15 mm in diameter.
Skeleton
Base composed of a dense mesh of desmas with an outer crust of anisostrongyles. Viewed in cross-section the stem is composed of spoke-like radiating columns of styles with some desmas in between the spokes. The desmas become less abundant further up the stem and are usually absent in the upper portions.
(I ) The ectosomal layer of the stem is formed by a longitudinal layer of small styles with abundant chelae and sigmas.
Spicules (dimensions given in Table 2 )
Basal acanthotylostrongyles ( Fig. 3B ): aniso with one end tylote and the other either slightly or not tylote. Style 1 (Fig. 3D ) forming the core of the stem; abruptly pointed mycalostyles, heads not tylote.
Style 2 forming the ectosomal layer; form as above. Strongyles (Fig. 3C ) Desmas (Fig. 3E ): SEM examination of fractured desmas shows that these are anaxial rather than monocrepid as noted in the original description. This is also the case for other Asbestopluma species (M. Maldonado, pers. comm.) .
Large chelae (Fig. 3F ): arcuate anisochelae. Small chelae (Fig. 3G ): anisochelae in which the bottom teeth are pointed and claw-like.
Sigmancistras (Fig. 3H ) and sigmas (Fig. 3I, J) of a similar size range.
Remarks
Desmas are currently only known from three Asbestopluma species: A. (A.) bitrichela, Asbestopluma (Asbestopluma) desmophora Kelly & Vacelet, 2011 and Asbestopluma (Heleophloeina) stylivarians (Topsent, 1929) . We assign our specimens to A. (A.) bitrichela in view of the similarity of the rest of the spiculation (Table 2; Fig. 3 ). The form of the smaller chelae is particularly distinctive in that they have anchorate heads and unguiferate bases (this was only clearly visible under SEM). While a maximum style length of 1850 mm was noted in the type description, the type specimen has a range more similar to our specimens (913-1303 mm) . While the majority of the microscleres in our specimens were sigmancistras, we did find occasional non-curved spicules that might be termed sigmas.
The external appearance of our larger specimens, which were recorded from Burdwood Bank, is very similar to that of the type specimen. We also recorded several smaller specimens that had stem diameters of 3-5 mm from Interim and Sars seamounts, and one with a stem diameter of 8 mm from Burdwood Bank. These specimens were fragments and it was not possible to determine the living form. However, the overall form, skeletal structure and spiculation are a good match for both the type specimens and our other specimens. We suggest that these might be juvenile specimens, portions of upper branches, or have had their growth affected by environmental conditions.
We recorded this species from the Burdwood Bank 1500-1910 m, Interim Seamount 1390-1590 m and Sars Seamount 1390-1672 m. It was originally reported from off the Diego Ramírez Archipelago, southern South America, at 1220-2070 m and is currently only known from the type locality, so these sites are within the previously reported depth 
Diagnosis
Asbestopluma (Asbestopluma) with thin stems bearing bud-like structures and possessing two categories of anisochelae of 69-96 mm and 17-31 mm.
External morphology (Fig. 4A) Several fragments of dichotomously branched stems, the longest fragment is 6 cm long. The stem is 0.5 mm thick and bears budlike structures with a maximum diameter of 2 mm.
Skeleton
Stalk composed of long column of the large styles; a second category of smaller styles make up the buds and may be found on the stalk surface. Microscleres present over the whole surface, but are more abundant on the buds. Some of large chelae form rosettes. The base of the sponge was not present so it is not possible to tell if there are specialised basal spicules.
Spicules
Style 1 (centre of stalk) (Fig. 4B ) 1000-1202 by 18-32 mm; fusiform, abruptly pointed mycalostyles; without a tylote head.
Style 2 (found in buds and surface of stalk) ( Fig. 4C ) 292-339 by 9-16 mm; slightly fusiform mycalostyles; abruptly pointed; with an oval tylote head.
Anisochelae 1 (Fig. 4D ) 69-96 mm (found in rosettes); alae rounded.
Anisochelae 2 (Fig. 4E ) 17-31 mm; do not form rosettes; top alae rounded, but basal alae has a single median tooth.
Sigmancistras (Fig. 4F ) 9-14 mm.
Remarks
Eight described species of Asbestopluma possess two categories of chelae and one category of sigmas with no other microscleres (Table 3) . However, in most of these the largest chelae are much smaller than in our specimen; only A. (A.) bitrichela Lopes et al., 2011 has chelae of similar size categories (58-100 mm and 15-20 mm), but with much larger styles (913-1850 by 18-43 mm), desmas and an unusual combination of arcuate and unguiferate anisochelae; a robust cylindrical branching sponge~20 mm in diameter and over 40 cm long.
(A) 
Etymology
From the Latin gemmae meaning buds. Named for the bud-like structures found along its branches.
Asbestopluma (Asbestopluma) rhaphidiophorus, sp. nov.
( 
Diagnosis
Stalked Asbestopluma (Asbestopluma) with a disc-shaped head. Possesses rhaphides.
External morphology
Thin stalk with a small circular basal attachment. Head composed of radiating columns of spicules forming a flattened, spiky circle.
Holotype (Fig. 5B ). Specimen 3: 33 mm high, stalk 1 mm diameter, head 16 mm diameter.
Paratype (Fig. 5A ). Stalk 1 mm thick, head 16 mm diameter. Other specimen. Head 2 cm in diameter, base missing.
Skeleton
Base and column formed of ascending columns of styles. Head formed from radiating columns of styles with abundant raphides and sigmas. Chelae present but very rare. Spined rhaphides (Fig. 5E, F) . Thin rhaphides that taper to sharp points. Spined for all of their length with small, stepped spines. In holotype: 693-1374 by 3.4-6.2; paratype: 948(1089) 1206 by 4(7)8 mm.
Sigma (Fig. 5G) . Holotype: 18-24 mm; paratype: 18(20) 22 mm.
Palmate anisochelae (Fig. 5H) . Rare, some in rosettes, holotype 61-92 mm. It was not possible to find these on either the spicule preparation or the section of the paratype. They are rare in the holotype, but were present in clusters on the section and several individuals on the SEM preparation.
Remarks
The genus Lycopodina was recently resurrected by Hestetun et al. (2016b) for species that share the same form of chelae as these specimens. However, the current definition states that species in the genus never have sigmas or sigmancistras and, while they often have forceps, raphides have not been reported. Species within the genus can be sphere or cup-shaped. In contrast, the subgenus Asbestopluma (Asbestopluma) possesses sigmas, usually has two types of chelae (but may only have one, as in this specimen), but are pinnate or branching in form. Consequently, this species does not fit clearly within the current definition for either genus. Assigning a genus is further complicated by the fact that the chelae, which are similar in form to those found in Lycopodina, were only found in the holotype and not the paratype, and without further specimens we cannot be entirely sure they are not from contamination from another specimen. Additionally, we only have three specimens, which were dried and therefore cannot be used for molecular study. Therefore, we do not feel we have enough evidence to expand the genus definition for Lycopodina, so we tentatively place this species in Asbestopluma (Asbestopluma).
There are no other described species of Asbestopluma or Lycopodina that possess rhaphides or thin, spined oxeas. Asbestopluma (Helophloeina) delicata Lopes et al., 2011 and A. (Helophloeina) stylivarians (Topsent, 1929) have thin oxeas 216-770 by 5-20 mm and 425-525 by 15 mm respectively, but both of these are much thicker than in our specimen and not spined. Such spicules are present, but in species in other genera in the family: the Arctic species Cladorhiza arctica Koltun, 1959 , in addition to style and strongyle megascleres, possesses spined acanthoxeas (135-239 by 6-8 mm). The external form of our species is very similar to that of the Antarctic species L. calyx (Hentschel, 1914) , but as well as lacking acanthoxea this species has much smaller styles and chelae, and lacks sigmas.
Etymology
Meaning rhaphide-bearing; rhaphides are an unusual spicule within this family.
Asbestopluma (Asbestopluma) sarsensis, sp. nov.
( Fig. 6 
Diagnosis
Asbestopluma (Asbestoluma) with only one category of chelae and sigmas/sigmancistras and styles 567-807 mm.
External morphology (Fig. 6A )
Flattened branching sponge with branches around 1 cm across. Filaments~2-3 mm in length project from the sides of the branches. The holotype has a total height of 11 cm, but does not appear to be intact. All other specimens were short fragments of branches.
Skeleton
Dense mesh of styles and acanthotylostrongyles. Stem composed of parallel ascending bundles of~15-20 styles. Bundles of a similar size project at right angles. The lower half of these and the surface of the stem are densely covered in microscleres.
Spicules
Measurements from holotype; measurements from paratypes given in Table 4 .
Basal styles (Fig. 6B ) 567-807 by 24-36 mm; mycalostyles; slightly fusiform ending in an abrupt point; base not tylote; spicules usually curved. New carnivorous sponges from the Southern Ocean Invertebrate Systematics Aniso-acanthotylostrongyles (Fig. 6C, D) 113-154 by 2-3 mm; one end with a pronounced pin head-like tyle, the other end not swollen and thinner; spicule tapers towards the end.
Body styles 675-864 by 17-40 mm; of a similar form to those of the base, but some have a slightly tylote oval head.
Sigmancistras (Fig. 6E) 11-14 mm. Palmate anisochelae (Fig. 6F) 11-14 mm with smoothly curved upper alae and a lower alae with a single central median tooth.
Remarks
There are six extant species of Asbestopluma (Asbestopluma) that have one category of chelae and one category of sigmas (Table 5 ). Of these, only A. ramosa Koltun, 1958 and A. monticola Lundsten, Reiswig & Austin, 2014 have similarsized styles. Asbestopluma ramosa has a wider size range of acanthotylostrongyles (60-199 mm), possesses sigmas rather than sigmancistras and its type locality is the boreal west Pacific. Asbestopluma monticola, type locality California, has smaller acanthotylostrongyles (98 AE 11 mm) and sigmas (22.9 AE 1.5 mm) and three classes of styles.
Asbestopluma belgicae has been recorded from the Antarctic and has a similar branched morphology, but possesses styles up to 1400 mm in length. In addition to being significantly longer, they are noticeably thinner than those of our specimens and do not have angular bends.
Etymology
Named after the type locality, the Sars Seamount, in the Drake Passage. 
Subgenus

Diagnosis
Asbestopluma (Helophloeina) with microtylostrongyles and two categories of anisochelae (32-43 mm and 8-11 mm), the smaller of which have a distinctive projection on their lower alae.
External morphology (Fig. 7A) . Branched sponge 15 mm high with flattened branches 1-2 mm in diameter.
Skeleton
Basal mass of styles with abundant micro-strongyles and spear-shaped micro-tylo strongyles. Stem formed of columns of larger styles with micro-strongyles. The short branches are mainly just the length of a single smaller style (~200-300 mm) covered with a dense layer of chelae.
Spicules Basal spicules
Basal styles (Fig. 7C) 209-606 by 20-39 mm; mycalostyles, some of the smaller with rounded tips and close to becoming strongyles.
Basal strongyles (Fig. 7D ) 37-53 by 5-12 mm; anisomicrostrongyles with ends smoothly rounded and slightly different widths.
Spear-shaped microtylostrongyles (Fig. 7G) 22-32 by 3-8 mm; one end tylote and the other with a spear-like rounded tip; entirely spined with small spines.
Upper branches of sponge
Styles of main stem (Fig. 7C) 562-678 by 15-30 mm; fusiform mycalostyles that come to an abrupt point; most are bent.
Smaller styles (Fig. 7B) 208-265 by 5-10 mm; abruptly pointed mycalostyles with slightly tylote heads.
Microstrongyles (Fig. 7F) 34-47 by 4-8 mm; anisomicrostrongyles with ends smoothly rounded and slightly different widths.
Anisochelae 1 (Fig. 7I ) 32-43 mm; arcuate chelae with three rounded teeth, but upper and lower teeth not the same size; the upper and lower alae usually touch.
Anisochelae 2 (Fig. 7H ) 8-11 mm; palmate anisochelae in which the lower alae has a single, median, antenna-like projection.
Diagnosis
Only four described species of Asbestopluma possess microstrongyles: Asbestopluma (Helophloeina) stylivarians (Topsent, 1929) Lopes et al. 2011 for review of Asbestopluma species). Three of these are currently assigned to the subgenus Asbestopluma (Helophloeina) Topsent, 1929 . We also assign our specimen to this subfamily. The only one of these species that has two categories of chelae is A. (H.) formosa; its large chelae are much larger (72-90 mm and 10-15 mm). While one species in the subgenus (A. (H.) delicata) has been reported from South America, none have previously been reported from the Antarctic.
Etymology
From the Greek keraia, derived from keras 'horn', which Aristotle used to describe insects' feelers. Named for the antenna-like projection on the lower alae of the small chelae. 
Diagnosis
Cladorhiza with only one category of chelae (40-45 mm) as microscleres and styles 857-1456 mm.
External morphology (Fig. 8A) Sponge 80 mm high with two branches. Base of sponge 4 mm in diameter with thread-like 'roots' 1 by 3-4 mm. Upper stem cylindrical 3 mm in diameter with short knobbly spicule column projections (<0.5 mm). Terminal parts of branches 2 mm in diameter with more pronounced nodules (~0.5 mm long).
Skeleton
Roots formed of columns of styles. Main stem formed of columns of styles with bundles of~15 spicules, one style in length, projecting at 90
. Microscleres scattered over surface of stem and branches.
Spicules
Styles (Fig. 8C ) fusiform mycalostyles with abrupt points; head not tylote; some slightly bent, but the majority are straight.
Upper branch styles 1140-1495 by 24-47 mm. Styles in roots 857-1456 by 26-50 mm. Unguiferate anisochelae (Fig. 8B ) 40-45 mm; with three lower and five upper teeth; the upper teeth are sharply pointed, rather petal-like in appearance; the lower teeth are claw-like.
Remarks
There are only six other species of Cladorhiza that have only chelae as microscleres (Table 6 ; Lopes and Hajdu 2014), the majority of others also have sigmas or sigmancistras. Three additional species have been described since this summary of the genus (Göcke and Janussen 2013; Lundsten, Reiswig and Austin 2014), but these also have sigmas. Most of these species have much smaller chelae, but three have chelae of a similar size. Cladorhiza arctica Koltun, 1959 has chelae of a similar size range (35-40 mm), but possesses acanthoxea. Cladorhiza longipinna Ridley & Dendy, 1886 has much larger styles and larger chelae, and C. inversa Ridley & Dendy, 1886 possesses tylostyles and also has much longer styles.
Etymology
Named after Kathy Scanlon, a scientist from the United States Geological Survey who participated in both Drake Passage survey cruises. Her research examined the relationship between seafloor geology and biological communities including deep-sea coral habitats. She is due to retire this year. 
Diagnosis
Chondrocladia without a layer of special spicules (subtrochirhabds or trochirhabds), lacking special rostriform (snout-like) subtylostyles in filaments or terminal balls, and without planar vanes formed of evenly spaced upright branches (from Lee et al. 2012) .
Chondrocladia (Chondrocladia) saffronae, sp. nov.
( Fig. 9 
Chondrocladia (Chondrocladia) with only one category of chelae microscleres and two categories of sigmas 45-49 and 66-89 mm.
External morphology (Fig. 9A) Sponge with thin stalk 10 mm long and 1 mm wide and a flattened head 7 mm in diameter.
Skeleton
Stalk and base composed of columns of styles. Head formed of radiating columns of styles with abundant chelae and sigma.
Spicules Styles (Fig. 9B) 1098-1424 by 25-43 mm; straight-sided; not fusiform; head not tylote; abruptly pointed.
Unguiferate isochelae (Fig. 9C ) 74-85 mm with five (very occasionally four) upper and lower, pointed, petal-like teeth.
Sigmas (Fig. 9D ) in two size classes 45(47)49 and 66(73) 89 mm.
Remarks
Very few species of Chondrocladia (Chondrocladia) have one category of chelae and two categories of sigmas or sigmancistras (Lopes et al. 2011) ; species with similar size range recorded as one category were also considered. Chondrocladia (C.) yatsui Topsent, 1930 does, but the smaller class of sigmas are significantly smaller (22-25 mm), and it also possesses acanthosubtylostyles. Chondrocladia (C.) clavata Ridley & Dendy, 1886 was described from the Antarctic and has also been recorded more recently from the subantarctic Kerguelen Islands (Boury-Esnault and van Beveren 1982). Lévi (1964) (A) (B) (C) (D) 
Etymology
This diminutive sponge is named after Saffron Robinson, the niece of the principal investigator on the cruise on which these sponges were collected. After participating in expedition outreach activities, Saffron now has aspirations to become a scientist.
Genus Lycopodina Lundbeck, 1905
Lycopodina Lundbeck, 1905 : 58. Cotylina Lundbeck, 1905 de Laubenfels, 1936: 122 .
Diagnosis
Cladorhizidae pedunculate with body either in the form of an erect stem or sphere with filaments in all directions, or cupshaped. Megascleres are mycalostyles and commonly shorter (tylo)styles. Microscleres are one type of arcuate or palmate anisochela in which the smaller end is in the shape of a central plate and two rudimentary, flat, lateral teeth, all with serrated edges towards the middle. To this, forceps spicules are often added, but may be rare or absent in particular species or specimens of a single species. Never sigmas or sigmancistras (Hestetun et al. 2016b) .
Lycopodina callithrix (Hentschel, 1914) ( Fig. 10 
Comparative material examined
Lycopodina callithrix Holotype ZMB POR4765. Slide of entire preserved specimen.
External morphology (Fig. 10A) The very small specimen was entirely used in microscope slide and SEM preparations so the only images of the external form available are from the microscope section. The specimen is in the form of a small oval a few millimetres high (presumably a portion of the head of a specimen). Very long spicules project from the edges of the specimen.
Skeleton (Fig. 10A) Longitudinal core of smaller styles with very long projecting styles. Chelae clustered around the base of the projecting styles.
Spicules
Styles of body core (Fig. 10B) 393-706 by 16-22 mm; mycalostyles; slightly fusiform; head not tylote.
Projecting styles 2042-2156 by 23-25 mm; mycalostyles; slightly fusiform styles; head not tylote; taper to very fine points.
Anisochelae (Fig. 10C, D) 10-14 mm; palmate anisochelae; the top frontal alae is rounded and the lower frontal alae has three teeth. 
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Remarks
Following a revision of the classification of the systematics of carnivorous sponges based on molecular and morphological characters (Hestetun et al. 2016b) , this species has been transferred to Lycopodina because of the form of its chelae. The type specimen of L. callithrix (the majority of which is mounted whole on a slide) has a thin stalk and an oval head. The head has very long projecting spicules. Our specimen lacks some of the head and stalk (Fig. 10A ) and is presumably a partial piece of the head, which has similar projecting spicules to the type specimen. However, the size, size range of spicules and form of spicules are a good match for the type. Hentschel (1914) records the style sizes as 400-4000 by 16 mm; chelae 11-12.5 mm. The longest styles in our preparations were often broken, so the maximum length for our specimen may not have been recorded. The type locality for L. callithrix is 350-385 m in East Antarctic Wilkes Land. This is currently the only published record, but several specimens have been recently found in the ANDEEP-SYSTCO exploration region (unpublished data).
Lycopodina calyx (Hentschel, 1914) ( Fig. 11 External morphology (Fig. 11A) Small sponge in the form of a small cup (7 by 5 mm) attached by a thin (0.5 mm diameter) stalk. The whole sponge is 3 cm high.
Skeleton
There does not appear to be any specialised basal skeleton. Stalk formed of ascending column of styles with some individual styles (no bundles) at right angles. Head composed of styles with some projecting bundles of~10 spicules. Outer layer of sponge covered in microscleres.
Spicules
Styles of stalk (Fig. 11B ) 326(496)588 by 9(12)14 mm; fat, fusiform mycalostyles; abruptly pointed without any swelling at the head.
Styles of head 278(379)533 by 7(10)14 mm; fusiform, abruptly pointed mycalostyles; of a similar size range and form to those of the stalk; however, most have an oval swelling at their head.
Chelae (Fig. 11C ) 20-25 mm; palmate anisochelae; both the rear and front parts of the lower alae are toothed and rather leaflike in appearance; the front alae slopes up to a central point.
Remarks
Following a revision of the classification of the systematics of carnivorous sponges based on molecular and morphological characters (Hestetun et al. 2016b) , this species has been transferred to Lycopodina from Asbestopluma (Asbestopluma) because of the form of its chelae.
Although shorter than the type specimen, our specimen is very similar in overall appearance. The measurements given in the type description are similar in range (stem styles 456-592 by 8-9 mm, head styles 200-256 by 6 mm and anisochelae 14-21 mm). We found a larger range of sizes of styles present on the head, and the chelae of our specimen were slightly larger, although similar in overall form to those of the type specimen (A) (B) (C) Fig. 11 . Lycopodina calyx (Hentschel, 1914 and those figured by Lopes and Hajdu (2014) . The type specimen was from a depth of 350-385 m in the Antarctic. Also found at South Georgia, 200-310 m (Burton 1932 (Burton , 1934 . Lopes and Hajdu (2014) recorded a specimen they denote Lycopodina cf. calyx from Campos Basin, SW Atlantic, at 1077 m.
Lycopodina drakensis, sp. nov.
( Fig. 12 ; 
Diagnosis
Lycopodina possessing forceps microscleres 47-63 mm, styles 348-1639 mm and anisochelae 14-17 mm.
Comparative material examined
Lycopodina lycopodium (Levinsen, 1887) . Holotype ZMUC-DEM-000203. Specimen in alcohol and spicule preparation from type specimen.
External morphology (Fig. 12A) Two small cylindrical branches 1-2 mm in diameter. Lengths of branches were 3.5 cm and 4 cm, but it appears that the very base has not been sampled so it is hard to judge total length. The bottoms of the branches are smooth, but upper parts are hispid with projections of 1 mm length.
Skeleton
Basal skeleton of small styles. Stem formed of a dense core of ascending styles with projecting bundles of~10 styles at right angles; these are more than one spicule in length 1500-2000 mm. Surface of bundles covered in a dense layer of microscleres.
Spicules
Styles. All categories of a similar form although different size ranges are found in various parts of the skeleton (as detailed below); fusiform mycalostyles, which come to an abrupt point; head not tylote.
Basal styles 348-628 by 26-37 mm.
Upper part styles 1 (mainly in branches) (Fig. 12B) 601-803 by 6-23 mm.
Upper part styles 2 (mainly in stem) 1372-1639 by 25-32 mm. Palmate anisochelae (Fig. 12C) 14-17 mm in length. The top alae is rounded and the bottom alae usually has three small teeth.
Forceps (Fig. 12D ) 47-63 mm.
Remarks
Following a revision of the classification of the systematics of carnivorous sponges based on molecular and morphological characters, species formerly in the subgenus Asbestopluma (Asbestopluma), which bear forceps and lack sigmas, have been placed in the resurrected genus Lycopodina (Hestetun et al. 2016b ). The only other Antarctic specimen of the genus that possesses forceps is Lycopodina vaceleti (van Soest & Baker, 2011), but reduced chelae microscleres are found in this species and it is reported currently only from shallow water (30 m). The nine other species with forceps microscleres (Table 7) mostly have different body forms or widely New carnivorous sponges from the Southern Ocean Invertebrate Systematicsdifferent spicule sizes. The north Atlantic species Lycopodina lycopodium (Levinsen, 1887) is similar in form and has similarsized spicules. However, while the basal styles of our species are smaller than those found in the main stem, they are a similar form: our specimen does not have a distinct class of tylostyles as found in L. lycopodium. Additionally, the styles and tylostyles of L. lycopodium are significantly thinner. Forceps are thought to be associated with sperm production (Vacelet and Boury-Esnault 1996) so it is possible they may have been overlooked in previously reported Antarctic Asbestopluma and Lycopodina species. From species lacking forceps, two species in the Asbestopluma genera, A. (A.) belgicae Topsent, 1901 and A. (A.) obae Koltun, 1964 , and two species from the genera Lycopodina, L. callithrix (Hentschel, 1914) and L. calyx (Hentschel, 1914) , have been previously recorded from the Antarctic (reviewed in van Soest and Baker 2011). As well as lacking forceps, A. (A.) belgicae and A. (A.) obae possess sigma microscleres. Lycopodina calyx has the form of a stalked cup and smaller styles (200-600 mm), and L. callithrix is club-shaped and has much larger styles (~4000 mm).
Etymology
Named after the Drake Passage, the sea in which Interim Seamount is located. The passage is named after the English privateer Sir Francis Drake whose ship was blown south in 1578, so implying that the Atlantic and Pacific oceans were connected rather than divided by land as previously thought.
Discussion
New Southern Ocean carnivorous species
Previously, 22 carnivorous sponge species had been described from the Southern Ocean region (OBIS 2016) . The eight new species and one new regional record here increases the number reported to 31, an increase of over 40%. New species found in this study were represented within five genera of the family Cladorhizidae: Abyssocladia, Asbestopluma, Chondrocladia, Cladorhiza and Lycopodina. Globally, including the new data from this study, 159 species in nine genera are now known to have been described in the family Cladorhizidae (OBIS 2016), nearly 20% of these are found in the Southern Ocean. This study has highlighted for the first time the taxonomic richness of the family Cladorhizidae in the Southern Ocean. This sponge family is one of the most genera rich, and the second most species rich Demospongiae family in the Southern Ocean (Janussen and Downey 2014) .
Half of the new species found in this study were from the genus Asbestopluma, and these records have doubled the number of known Southern Ocean Asbestopluma species to eight species. One of these, Asbestopluma (Helophloeina) keraia, sp. nov., is from the species-poor subgenus Helophloeina, which previously only had three species described globally. This is the first species in this subgenus described from the Southern Ocean region; however, A. (H.) delicata has been described from the adjacent Magellanic region (Lopes, Bravo and Hajdu 2011). Abyssocladia leverhulmei, sp. (Lévi, 1964) S 1500-3200 by 23-35 nov. is the second described species in this genus for the Southern Ocean; Abyssocladia symmetrica was found at the subantarctic Prince Edward Islands~150 years previously (Ridley and Dendy 1886) .
Species rarity in the Southern Ocean
This study has added species level identifications to 27 new carnivorous sponge specimens. Eleven species were identified, but the majority of these, eight species, were found only once (Table 8 ). Other Southern Ocean carnivorous sponges are similarly rare with an additional five previously described species also known only from single records: OBIS 2016) . In total, 13 species, more than 40% of the known Southern Ocean species, have been found only once. This rarity could be attributed to both the combined effects of sparse sampling effort in the deep sea and the low densities at which carnivorous sponges occur: on a Pacific abyssal plain the density of Cladorhizidae has been estimated respectively at 16, 4 and 5 individuals per hectare for Chondrocladia, Cladorhiza and Asbestopluma (Tilot 1992) . Despite the rarity of most species, three were found to occur at several stations in this study: Asbestopluma (Asbestopluma) bitrichela was found at seven stations, Abyssocladia leverhulmei, sp. nov. was found at five stations, and Asbestopluma (Asbestopluma) sarsensis, sp. nov. was found at four stations. Two of these commonly co-occurred with other carnivorous sponges (Table 8) . Abyssocladia leverhulmei, sp. nov. was found to co-occur with five other carnivorous sponge species found in four genera of the Cladorhizidae family: A. (A.) bitrichela, L. calyx, L. drakensis, sp. nov., C. (C.) saffronae, sp. nov. and C. scanlonae, sp. nov. Asbestopluma (Asbestopluma) bitrichela was also found to co-occur with three carnivorous sponge species from two genera: Abyssocladia leverhulmei, sp. nov., Asbestopluma (Asbestopluma) keraia, sp. nov. and A. (A.) rhaphidiophorus, sp. nov. Previous studies have found that in heterogeneous environments, carnivorous sponges of the same species, or close species, have been found to co-habit (Vacelet 2007) .
New Southern Ocean records and related taxonomy issues
With the addition of this new data, there are now known to be at least 192 specimens of carnivorous sponges from the Southern Ocean (Table 9 ). Several recent expeditions and scuba surveys have rapidly expanded the amount of information that Chondrocladia (C.) saffronae, sp. nov.
Lycopodina callithrix (Hentschel, 1914) Lycopodina calyx (Hentschel, 1914) Lycopodina we have on Southern Ocean carnivorous sponge species and their distribution patterns (Vacelet 2007) , and the number of specimens has more than tripled in the past 20 years (Fig. 14) . This is reflected in the description of 11 new carnivorous sponge species from the Southern Ocean in the past ten years (van Soest and Baker 2011; Kelly and Vacelet 2011; Göcke and Janussen 2013) , eight of them from this study. However, despite the increased sampling and taxonomic work taking place in the Southern Ocean, at least 45% of Southern Ocean specimens (87 specimens) have not been identified to species level (OBIS 2016). More than two-thirds (13 specimens, 68%) of all Abyssocladia specimens are yet to be identified to species level and specimens from the genera Asbestopluma (20 specimens, 45%), Lycopodina (eight specimens, 38%) and Chondrocladia (22 specimens, 43%) all have~40% of specimens unidentified to species level. Over 20% of Cladorhiza specimens (two specimens, 22%) also remain unidentified to species level. Further taxonomic work on these remaining specimens would enable a far better understanding of the richness and biogeographical traits of the family Cladorhizidae. For the Southern Ocean, as for other regions (van Soest et al. 2012) , there is a significant lag between the collection of specimens and the publication of full taxonomic descriptions with many species known only as 'operational taxonomic entities'. While the number of sponge species described has rapidly increased in recent years (van Soest et al. 2012) and traditional morphological taxonomy can now be aided by molecular techniques (e.g. Pöppe et al. 2010) , there are still significant issues for time-consuming a taxonomy, particularly a lack of available funding (Drew 2011) .
Ranges and depths
Three previously described carnivorous sponge species were also found in this study region (OBIS 2016) . Asbestopluma (Asbestopluma) bitrichela was previously found in the adjacent Magellanic region at comparable bathyal depths to the new specimens found in the Southern Ocean. The known range has been extended by~5 south and~7 east for this species. Lycopodina callithrix was previously found on the shelf (197-640 m) in the East Antarctic sector of the Southern Ocean (Hentschel 1914; Koltun 1964) ; this study has extended its known depth range to 1250 m, and its range limit by~5 south and~158
west. This species is now potentially considered to have a circumpolar range in the Southern Ocean. Lycopodina calyx has previously been found in several Southern Ocean regions, including South Georgia, the Antarctic Peninsula and East Antarctica. The new specimen has extended the known westerly range of this species by~18
, and this species is also potentially now considered to be a circumpolar species.
The current spatial coverage of carnivorous sponge species indicates that despite significant under-sampling of the entire Southern Ocean (Downey et al. 2012; Janussen and Downey 2014) , specimens have been found in most sectors of the Southern Ocean (Fig. 13) and at most depths (Table 10 ). This study has increased the longitudinal and latitudinal ranges of several known carnivorous sponge species, such that two are potentially now circumpolar in their distribution (Table 10) . Circumpolar distributions are believed to be aided by strong westward-flowing currents in the Southern Ocean, which enable the passive long-distance dispersal of larvae (Helmuth et al. 1994; O'Hara 1998; Barnes and De Grave 2001; Waters 2008; Nikula et al. 2010 Nikula et al. , 2013 . Seamounts have also been hypothesised to be 'stepping stones' that enable the dispersal of organisms across vast oceanic distances (Hubbs 1959) , and this study could be evidence for this process in the Southern Ocean. A recent phylogenetic study of cladorhizid sponges from seamounts in the adjacent SW Indian Ocean found no clear relation with Southern Ocean carnivorous sponges, while finding greater affinities with carnivorous sponge communities in the southwest Pacific and Atlantic oceans (Hestetun et al. 2016a) , indicating the potential impact of the Polar Front, where colder Antarctic waters meet warmer subantarctic waters, as a barrier to sponge species migration in and out of the Southern Ocean (Downey et al. 2012) .
Dispersal capabilities and reproduction mode are important biological parameters in determining a species range, and therefore potentially critical in understanding distribution patterns (Janussen and Downey 2014) . Reproductive mechanisms are varied in sponges, with oviparous or viviparous sexual reproduction utilising lecithotrophic larvae (Maldonado 2006) and/or asexual reproduction through bipartition and budding (Teixidó et al. 2006) . Sponges usually produce, release and capture gametes via the aquiferous system (Maldonado 2006) , which is lacking in most of the Cladorhizidae except the genus Chondrocladia (van Soest et al. 2012 ). An examination of the carnivorous sponge Asbestopluma (Asbestopluma) occidentalis found that fertilisation occurs when intact spermatic cysts become trapped in the anisochelae of neighbouring sponges (Riesgo et al. 2007) . In this species, the parent sponge disassociates its tissue to facilitate larval release and dispersal, and then re-aggregates into asexual propagules (Chu and Reiswig 2014) . It is hypothesised that the utilisation of both sexual and asexual reproduction in carnivorous sponges would enhance their ability to establish new populations (Chu and Reiswig 2014) .
Carnivorous sponges were found at 17 stations in this region, six stations located on the shelf (<1000 m) and 11 
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Invertebrate Systematicsstations located at bathyal depths (>1000 m). Only two species were found in both the shelf and bathyal zones: Abyssocladia leverhulmei, sp. nov. and Asbestopluma (Asbestopluma) sarsensis, sp. nov. In this region of the Southern Ocean, the deeper bathyal zone is found to be richer in carnivorous sponge species than the shelf. Utilising all depth information from Southern Ocean carnivorous species, it is found that two-thirds of species (67%) are stenobathic (found only in one depth zone), and one-third (33%) are eurybathic (found in more than one depth zone) (Table 11 ). Of the stenobathic sponge species, nine are currently found only in the bathyal zone, six are found only on the shelf and six are found only in the abyssal zone. This pattern has also been found in the Atlantic Ocean, in which there is little overlap in upper (~1000 m) and lower bathyal (>1000-4000 m) carnivorous sponge species distributions (Hestetun et al. 2015) . In total, 19 species of carnivorous sponge are found in the bathyal zone, 14 species are known from the shelf and 12 species from abyssal depths (Table 11 ). This study has nearly doubled the number of carnivorous sponge species now found at bathyal depths, and increased the number of species known at shelf depths by one-third. Carnivorous sponges are found in all depth regions of the Southern Ocean, with the bathyal zone found to be the most species rich. A recent study of the south-west Indian Ocean seamount region also found a unique and diverse carnivorous sponge community at bathyal depths (Hestetun et al. 2016a) . Bathyal depth zones are found to have a range of complex topographic features, such as mid-ocean ridges, canyons and seamounts, which are known, from current levels of sampling around the world, to harbour unique and rich benthic communities and high levels of biomass (Clark et al. 2010b; Kelly and Vacelet 2011; Thresher et al. 2011; Watling et al. 2013) .
Endemism and biogeographic/faunistic patterns
Utilising all current data,~68% (21 species) of known Southern Ocean carnivorous species are potentially endemic. Currently, all described species within the genera Lycopodina and Cladorhiza, three-quarters (six species) of described species within the genus Asbestopluma, half of Abyssocladia (one species) and nearly half (five species) of described species in the genus Chondrocladia are only found in this region. In the Southern Ocean, overall sponge species endemism was previously found to be 44%; however, demosponges were found to have even lower levels of species endemism at 38% (Janussen and Downey 2014) . The Cladorhizidae family are now found to potentially have the highest level of species endemism of any Demospongiae family found in the Southern Ocean (OBIS 2016) . Within the Southern Ocean,~30% (six species) of proposed endemic carnivorous species are only found in the subantarctic. Isolation of the Southern Ocean, due to gradual long-term physical and climatic barriers, are believed to have been important in the creation and maintenance of Antarctic and subantarctic endemism Clarke and Crame 2010; Hogg et al. 2011; Janussen and Downey 2014) . Carnivorous sponges have been found at a broad range of depths, and in numerous environments in the Southern Ocean. This study highlights the importance of seamount habitats in the Southern Ocean for supporting rich, unique and endemic sponge communities. The Southern Ocean contains 6% of the world's seamounts (Clark et al. 2006) , and surveys of a small number of these seamounts have indicated the presence of a rich, endemic benthic fauna Kvile et al. 2014; Clark and Bowden 2015) . This study has shown that a rich, unique, potentially endemic carnivorous sponge fauna exists in the Drake Passage seamount region. Globally, seamounts often have high levels of species endemism (Stocks and Hart 2007) ; however, this could be an artefact of the limited sampling in these regions (Clark et al. 2012) . It has been hypothesised that the apparent richness and endemism of seamount communities could be due to: their isolation in oceanic basins (Hubbs 1959) ; the creation of eddies around seamounts, which concentrate larvae and enhance productivity (Samadi et al. 2007; Clark et al. 2010a) ; complex, hard substrate features with elevated current velocities compared with adjacent oceanic basins (Rogers 1994; Watling et al. 2013) ; and the importance of specific habitat requirements for seamount fauna (Hubbs 1959; Bowden et al. 2011) .
Close to one-third (ten species) of carnivorous sponge species found in the Southern Ocean are also found in other oceanic regions. Seven of these species are found throughout the Atlantic Ocean, and two of these species are found in several other oceanic basins, two species are found in the New Zealand subantarctic region of the Pacific Ocean, and one species (10%) is found in the Magellanic region of South America. The numerous connections with the Atlantic Ocean could be due to the combined impacts of reduced Polar Front at depth, formation of deep-water, and reduced sedimentation of Antarctic waters, so that deep water comes up on the shelf (Koltun 1969) . Connectivity with the Magellanic province is potentially due to the recent separation of the continents, west wind drift, and dispersal along the Scotia Arc region (e.g. Brey et al. 1996; Clarke et al. 2004; Linse et al. 2006; Primo and Vázquez 2007; Griffiths et al. 2009 ). Ridges and seamounts are likely to be important topographic features in the distribution of bathyal species between the Southern Ocean and adjacent oceanic regions Watling et al. 2013; Clark and Bowden 2015) ; for example, connectivity with the NZ subantarctic could be due to the Macquarie Ridge.
Recent expeditions, such as ANDEEP and SYSTCO (Antarctic benthic deep-sea biodiversity, Pelagic-benthic system coupling) research programs have led to major breakthroughs in our understanding of Southern Ocean carnivorous sponges (Janussen and Tendal 2007; Göcke and Janussen 2013) . Even the relatively well-sampled shallow regions of McMurdo Sound in the Ross Sea have recently yielded a new carnivorous sponge species (van Soest and Baker 2011). In recent decades, there have been concerted efforts to explore under-sampled Antarctic regions for benthic fauna, and these expeditions have found carnivorous sponges in the Bellingshausen Sea (Ríos 2014) , in the vicinity of hydrothermal vents along the East Scotia Ridge (Rogers 2010) , and in the recently ice-free former Larsen A and B shelves, east of the Antarctic Peninsula (Gutt et al. 2011) . Our study has further highlighted the importance of exploring new regions of the Southern Ocean, particularly seamount communities, in the pursuit of a better understanding of sponge diversity and distribution. who provided useful information on species characteristics. Sponge material was collected on RVIB Nathaniel B Palmer Cruise NBP11-03 -thanks to L. Robinson (Bristol), R. Waller (Maine) and the captain and crew. Permission for sampling in the Chilean EEZ was kindly provided by Armada de Chile, Servicio Hidrográfico y Oceanográfico (Permit Nos. 13270/ 24/287 and 13270/24/317) and in accordance with this, type specimens are deposited in the Museo Nacional de Historia Natural of Chile. Thanks also to Andrea Paz Martínez Salinas and Herman Núñez, who facilitated deposition of the type specimens in the Museo Nacional de Historia Natural of Chile, and Emma Sherlock (BMNH), Ole Tendal (ZMUC), Isabelle Domart-Coulon (MNHN) and Carsten Lueter (ZMB). We would like to thank the editors of Invertebrate Systematics and two anonymous referees for their helpful comments on the original manuscript. This work was funded by a research project grant from the Leverhulme Trust (RPG-2012-615) and the National Science Foundation (grants 0944474, 0636787 and 1029986). Kate Hendry is funded by the Royal Society. Rachel Downey is funded by DFG Project JA-1063-17-1. Table 11 . Number of Southern Ocean Cladorhizidae species found in each depth zone Species found to be restricted to one depth zone were categorised within tone of three stenobathic zones; eurybathy in Cladorhizidae sponges was determined by the representation of species in more than one zone All Cladorhizidae spp. New carnivorous sponges from the Southern Ocean Invertebrate Systematics
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